1. Background {#sec62127}
=============

Congenital anomalies are among the most important causes of infant mortality. Genetic disorders and environmental factors, like maternal illness, receiving harmful chemicals and physical injuries during pregnancy, are of the most important causes of congenital anomalies. Certain medications are of the most prominent anomaly factors, during pregnancy ([@A17834R1]). There are reports of anomalies in fetuses of mothers who had used theophylline during pregnancy, the most important of which are cardiovascular disorders ([@A17834R1], [@A17834R2]). Theophylline is a phosphodiesterase enzyme inhibitor, widely used for asthma ([@A17834R3]).

The importance of theophylline in the treatment of asthma has decreased, due to more powerful effects of beta-receptor agonists and inhalation forms of anti-inflammatory compounds, in acute and chronic asthma, respectively. However, theophylline may be chosen as the third line treatment, in the absence of a good response to beta-receptor agonists or corticosteroids. It also of use in the treatment of patients with poor economic status and in countries with limited healthcare measures, due to its very low cost ([@A17834R3]).

The most common complications of theophylline observed in asthmatic patients are restlessness, dizziness, sinus tachycardia, nausea, emesis and convulsion. It also easily crosses the placenta and harms the fetus ([@A17834R4], [@A17834R5]). Theophylline has dose-dependent teratogenic effects on the cardiovascular system development. Anomalies observed in infants born from mothers with asthma, using oral theophylline include double outlet right ventricle (DORV), heart murmur, aortic displacement, ventricular septal defect (VSD), pulmonary valve stenosis and hypoplasia of the left ventricle and the mitral valve ([@A17834R1], [@A17834R2]).

Theophylline-induced complications in laboratory animals (rabbits, rats and mice) include cleft palate, abnormalities in fingers, small organs, micrognathia, bandy legs, DORV, aortic displacement and VSD ([@A17834R6], [@A17834R7]).

Fetal anomalies may be attributed to oxidative stresses, increasing the level of free radicals. Weakness of antioxidant defense and reduced antioxidant enzyme activity, like superoxide dismutase and glutathione peroxidase, are some of the causing factors ([@A17834R8]). Nowadays, antioxidant activity and the amount of body oxidized biological products can be determined, in order to evaluate oxidative stress. The amount of serum malondialdehyde is a general index of lipid peroxidation, growing with oxidative stress increase. Glutathione peroxidase level is used as an index for the evaluation of antioxidant activity ([@A17834R9]).

Since some of the drug teratogenic effects are induced by free radicals and oxidative stress, a preventing solution to these conditions is to use antioxidants compounds. Quercetin, commonly named sophretin and meletin, is a herbal flavonoid found in abundance in apple, onion, tea, green tea leaf, strawberries, broccoli and other plants ([@A17834R10], [@A17834R11]). Quercetin applies its anti-inflammatory properties by inhibiting inflammatory mediators and enzymes, like lipoxygenase. Researches have indicated that quercetin slows down the cancer cell growth, making it effective in cancer treatment, especially prostate cancer ([@A17834R10]). This substance inhibits histamine release from basophils and mast cells, therefore, it has anti-inflammatory properties and helps asthma and allergy control ([@A17834R10], [@A17834R11]). However, its most important property is the antioxidant effect. This substance reduces oxidative stress and destroys free radicals.

2. Objectives {#sec62128}
=============

Since quercetin has been proved to have significant antioxidant properties in many studies, the present study investigated its effects on macroscopic and microscopic cardiac anomalies, in rat fetus, to give a more precise answer to this question: how much the cardiac theophylline-induced anomalies are related to oxidative stress and how useful the antioxidants are in the reduction of these anomalies.

3. Materials and Methods {#sec62136}
========================

3.1. Theophylline Preparation {#sec62129}
-----------------------------

Theophylline was purchased from Daroopakhsh Company (Iran), dissolved in normal saline and prepared immediately, preceding its use.

3.2. Quercetin Preparation {#sec62130}
--------------------------

Quercetin powder was purchased from Sigma Chemical Company (St. Louis, MO, USA)dissolved in 0.9 % normal saline, mixed vigorously and stored in a dark bottle at temperature of 4ºC. The quercetin solution was freshly prepared each day.

3.3. Animals {#sec62131}
------------

The Wistar albino rats were obtained from the animal house of Jundishapour University of Medical Sciences, Ahvaz, Iran, and kept under specific conditions, on a constant 12-hour light/dark cycle, at a controlled temperature of 23 ± 2°C. Standard pellet food and tap water were available ad labitum. Mature female rats were mated overnight at a 3:1 female: male ratio. The pregnant female Wistar rats were then randomly divided into four equal groups (n = 10); a control group and three study groups. The test groups received theophylline (259 mg/kg, po), quercetin (100 mg/kg, ip) and theophylline plus quercetin (259 mg/kg, po and 100 mg/kg, ip), respectively on the 9th and 10th days of gestation. The control group received normal saline (0.5 mL/100g, po) on the 9th and 10th days of gestation.

On day 19, pregnant females from all groups (control and study) were anesthetized with ether and blood samples were collected from their hearts for biochemical assay. The offsprings were then recovered, number of absorbed fetuses was measured and their hearts were removed. All blood samples were centrifuged at 2500 rpm, for 15 minutes, at temperature of 4ºC. Serum samples were collected to assay the malondialdehyde and glutathione peroxidase levels.

3.4. Malondialdehyde Assay {#sec62132}
--------------------------

Serum malondialdehyde (MDA) was determined according to the method of Buege and Aust, using bioassay laboratory ELISA kit (China). Standard and samples are aspirated into wells and the target protein is bound to specific immobilized monoclonal capture antibodies. The biotinylated secondary specific antibody is used for detection. To avidin-biotin-peroxidase complex, TMB substrate solution is added. The solution color changes after adding acidic TMB stop solution. Each step needs sufficient amount of washing.

3.5. Glutathione Peroxidase Assay {#sec62133}
---------------------------------

Serum glutathione peroxidase activity was assessed, according to the method of Paglia and Valentine, using Bioassay laboratory ELISA kit (China). Standard and samples are aspirated into wells, the target protein is bound to specific immobilized monoclonal capture antibodies. The biotinylated secondary specific antibody is used for detection. To avidin-biotin-peroxidase complex, TMB substrate solution is added. The solution color changes after adding acidic TMB stop solution. Each step needs sufficient amount of washing.

3.6. Histologic Techniques {#sec62134}
--------------------------

The hearts were fixed in 10% buffered formalin, embedded in paraffin, sectioned stained with hematoxylin andeosin and E striated for microscopic studies.

3.7. Statistical Analysis {#sec62135}
-------------------------

The data are expressed as mean ± SE. Statistical differences between means were determined by one-way analysis of variance (ANOVA), followed by LSD test and a threshold of significance of P \< 0.05.

4. Results {#sec62137}
==========

No significant difference was observed in heart weights and the percentage of absorbed fetuses, between the groups receiving quercetin alone, quercetin plus theophylline and the normal saline group ([Table 1](#tbl15862){ref-type="table"} and [Figure 1](#fig12324){ref-type="fig"})

###### Number and Percentage of Live and Absorbed Embryos in Control and Test Groups

  Groups                         Number of Embryos   Percentages of Live Embryos, %   Percentage of Absorbed Embryos, %
  ------------------------------ ------------------- -------------------------------- -----------------------------------
  **Normal saline**              68                  98.53                            1.47
  **Theophylline**               37                  58.20                            41.8
  **Quercetin**                  53                  94.33                            5.66
  **Theophylline + Quercetin**   61                  85.25                            14.75

![Heart Weight (Mean ± SE) of Fetuses in Control and Test Groups\
1) Normal saline (control) (0.5 mL/100 g, po); 2) Theophylline (259mg/kg po); 3) Quercetin (100 mg/kg, ip); 4) Theophylline + quercetin (259 mg/kg, po;100 mg/kg, ip). Different letters show significant difference between groups (P \< 0.05, n = 30).](jjnpp-09-03-17834-i001){#fig12324}

No apparent morphological or specific pathological changes were observed during the heart macroscopic and microscopic examinations of the rat fetuses, in the normal saline (control) group, the theophylline receiving group, the quercetin receiving group and the group receiving both quercetin and theophylline. Pericardium, bilobate and mitral valves and tricuspid and pulmonary valves were found to be normal. Cardiac muscle cells were also normal; their large purple nucleus was located in the center of their pink colored cytoplasm ([Figure 2](#fig12325){ref-type="fig"}).

![The Quercetin and Theophylline-Induced Histopathological Changes in Rat Heart\
A) Normal heart histology in the Saline Group; B) Heart histology in theophylline group; C) Heart histology in quercetin group; D) Heart histology in "theophylline + quercetin" group.](jjnpp-09-03-17834-g001){#fig12325}

The average malondialdehyde level in rat serum was significantly higher (P \< 0.05) in the group receiving theophylline, compared to other groups ([Figure 3](#fig12326){ref-type="fig"}). The average glutathione peroxidase level in rat serum was significantly lesser (P \< 0.05) in the group receiving theophylline, compared other groups ([Figure 4](#fig12327){ref-type="fig"}).

![Serum Malondyaldehyde Level in Control and Test Groups\
1) Normal saline (control) (0.5 mL/100 g, po); 2) Theophylline (259 mg/kg, po); 3) Quercetine (100 mg/kg, ip); 4) Theophylline + quercetin (259 mg/kg, po; 100 mg/kg, ip). Data are presented as Mean ± SEM. Different letters show significant differences between groups (P \< 0.05, n = 30).](jjnpp-09-03-17834-i002){#fig12326}

![Serum Glutathione Peroxidase Level in Control and Test Groups\
1) Normal saline (control) (0.5 mL/100 g, po); 2) Theophylline (259 mg/kg, po); 3) Quercetine (100 mg/kg, ip); 4) Theophylline + quercetin (259 mg/kg, po; 100 mg/kg, ip). Data are presented as Mean ± SEM. Different letters show significant differences between groups (P \< 0.05, n = 30).](jjnpp-09-03-17834-i003){#fig12327}

5. Discussion {#sec62138}
=============

Promotion of free radicals and oxidative stress by medications is one of the main mechanisms of developing anomalies. The present research investigated the effect of quercetin (as an antioxidant factor) on the prevention of theophylline-induced heart anomalies in rat embryos. No significant difference was observed in the percentage of absorbed fetuses and heart weight, between groups receiving quercetin alone and quercetin plus theophylline and the control group. Moreover, quercetin negated the teratogenic effect of theophylline (increased percentage of absorbed fetuses and fetal heart weight).

In Lindstrom et al. study, following the theophylline administration with the doses of124, 218 and 259 mg/kg, during the 6th to 15th days of rats' pregnancy, maternal womb weight decrease was observed in a dose dependent manner. Moreover, the number of fetuses decreased by 0.4% and their weight decreased by 0.3 and 0.4% in males and females, respectively. However, no macroscopic anomaly was observed. The result of our study is consistent with the above study ([@A17834R4]).

Matsuoka et al. ([@A17834R6]) indicated that the oral administration of caffeine (a metabolite of theophylline) with the dose of 150 mg/kg on the 11th day of rats' pregnancy, 87.7 % of fetuses suffered from cardiac anomalies, the most important of which was VSD. Moreover, skeletal malformations were observed in these fetuses. This result is inconsistent with that of the present research.

Cardiac anomalies including DORV, heart murmur, aortic displacement, VSD, pulmonary valve stenosis and hypoplasia of the left ventricle were observed in a female infant, born to a 19-year-old mother who had consumed 900 mg/kg of oral theophylline, daily, since the age of 7 due to asthma. Moreover, cardiac failure, hypoplasia of the ascending aorta, aortic and left ventricle arch, aortic valve atresia and heart hypoplasia syndrome were observed in an infant born to a 32-year-old mother with asthma, who had used theophylline, orally, 300 mg/kg, twice a day ([@A17834R2]).

Cardiac conditions, observed in the above studies are inconsistent with the results of the present research, which can be due to using animal models. The hypothesis that the consumption of antioxidants can reduce fetal complications of drugs is confirmed in other studies. This result is rather consistent with that of the present study.

Administration of vitamins A, C and E as antioxidants in the 9th and 10th days of rats' pregnancy can prevent nitrophen-induced conditions like the heart tissue hypoplasia, accompanied with diaphragmatic hernia. In this study, the administration of vitamins A, C and E prevented decreased fetal weight and cell count and increased apoptosis ([@A17834R12]).

The administration of vitamin E was observed to have preventive effects onnitrophen-induced pulmonary hypoplasia in rat fetuses ([@A17834R13]). In this study, the serum malondialdehyde level was significantly higher in the group receiving theophylline, compared to other groups. Since malondialdehyde is the final composition of lipid peroxidation and indicates the sensitivity of lipids to oxidation, its increase is indicative of increased oxidation level in theophylline receiving rats. Decreased malondialdehyde level in the theophylline and quercetin receiving group is indicative of quercetin ability, in increasing the antioxidant and decreasing the lipid oxidation levels.

Another study indicated that the administration of quercetin (15 mg/kg) for four weeks, decreases the serum malondialdehyde level in streptozotocin-induced diabetic rats ([@A17834R14]). Another study indicated that the administration of quercetin in rats with monosodium urate-induced gout, decreases serum malondialdehyde level and increases serum antioxidant enzymes ([@A17834R15]). Annapurna et al. ([@A17834R16]) stated that the administration of quercetin (50 mg/kg), ten minutes before stroke, decreases the malondialdehyde level in rats. Atef et al. ([@A17834R17]) observed that daily oral administration of 20 mg/kg of quercetin for seven consecutive days, significantly decreases the malondialdehyde level in diabetic rats ([@A17834R18]).

In this study, the comparison of average glutathione peroxidase level indicated that the amount of this enzyme, in the theophylline receiving group is lower than the other groups. It is also significantly higher in the group receiving quercetine. Decreased glutathione peroxidase level in the theophylline receiving group is induced by increased oxidation process. The glutathione peroxidase level in the quercetin receiving group and lack of a significant difference, regarding this level, between the group receiving quercetin and the one receiving both theophylline and quercetin is related to quercetin antioxidant properties. The result of the present study is consistent with that of the other studies.

Quercetin increases the glutathione peroxidase activity gene expression in the liver of old rats ([@A17834R19]). Moreover, the administration of quercetin to little white mice with the daily doses of 75, 50 and 25 mg/kg, for 15 consecutive days, increases the glutathione peroxidase level ([@A17834R20]).

A study indicated that intraperitoneal administration of 50 mg/kg of quercetin 10 minutes before ischemia, increases the glutathione peroxidase level, in rats ([@A17834R21], [@A17834R22]). Moreover, oral administration of 10 mg/kg of quercetin to rats with hypertension increases the glutathione peroxidase activity ([@A17834R23]).

The antioxidant effect of quercetin on rats was investigated in another study, using hepatocyte cultivation. To induce oxidative stress, H~2~O~2~ was used. They concluded that the quercetin antioxidant activity is due to the glutathione peroxidase activation ([@A17834R24]). Quercetin is a natural antioxidant, preventing free radicals formation and applies its antioxidant effect by inhibiting lipid peroxidation, blocking xanthine oxidase, chelating iron and eliminating free radicals.

The role of quercetin in decreasing the teratogenic effects of theophylline in rat embryos was demonstrated in this study for the first time. Regarding the role of quercetin in the elimination of free radicals and oxidative stress, it seems that as an antioxidant, quercetin can decrease some of the teratogenic effects of theophylline and also has an effect in the prevention of fetal complications. Further studies on different animal models and ultimately adapting the existing laws and regulations to human models are essential to ensure the beneficial effects of quercetin.
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